Climate change adaptation is gaining traction as a necessary policy alongside mitigation, particularly for developing countries, many of which lack the resources to adapt. However, funding for developing country adaptation remains woefully inadequate. This paper identifies the burden of responsibility that individuals in the UK are willing to incur in support of adaptation projects in developing countries. Results from a nationally representative survey indicate that UK residents are willing to contribute £27 per year (or a median of £6 per year) towards developing country adaptation (US$30 and $7 using the World Bank's purchasing power conversion factors). This represents less than one third of the back-of-the-envelope $100-140 per capita per year that the authors estimate would be needed to raise the $70-100bn per year recommended by the World Bank to fund developing country adaptation. Regressions indicate that WTP is driven mostly by a combination of beliefs and perceptions about one's own knowledge levels, rather than actual knowledge of climate change. We conclude that, to engage the many different audiences that make up the 'public', communication efforts must move beyond the simple provision of information and instead, connect with people's existing values and beliefs.
Introduction
Until fairly recently, the policy of adaptation to climate change was largely considered ethically suspect, and side-lined in favour of its more noble cousin, mitigation (Pielke, Prins, Rayner & Sarewitz, 2007; Tol, 2005) . However, as climate-related risks have become more certain and real, adaptation has gained acceptance as a realistic and necessary policy alongside mitigation (Pielke et al., 2007) a fact particularly highlighted in the recent IPCC report (IPCC, 2014) . Adaptation is particularly relevant for developing countries, particularly those in the 'lowincome' bracket 2 , many of which lack the institutional, financial and technological capacity to adapt to climate change (Barr, Fankhauser & Hamilton, 2010; Fankhauser & McDermott, 2014) .
There is widespread recognition that long-term adaptation processes, involving planning, regulation, infrastructure development, and development of increasingly accurate climate forecasts (Table 1) , will be essential for vulnerable populations and ecosystems in these countries to become more resilient to climate-change impacts (Fankhauser & Burton, 2011; Adger, Lorenzoni & O'Brien, 2009; Smith et al., 2011) and thus avoid deeper entrenchment in poverty (Tanner and Mitchell, 2008) .
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However, adaptation requires resources. Despite some examples of successful adaptation actions implemented in a number of less-developed country contexts, these represent a small fraction of the adaptation projects needed for these countries to withstand the impacts of climate change (Berrang-Ford, Ford & Paterson, 2011; Mertz, Halsnaes, Olesen & Rasmussen, 2009 ).
There are a range of global estimates of the costs of adaptation in developing countries (World Bank, 2010; UNFCCC, 2008; UNDP, 2007; Stern, 2007; Oxfam, 2007) , with values ranging from $4-37 bn/yr (Stern, 2007) , through $28-67 bn/yr (UNFCCC, 2008) , to $86-109 bn/yr (UNDP, 2007) . The most recent study, carried out by the World Bank (2010) , estimates that $70-100 billion/year will be needed by 2050 for developing countries to adapt. These are arguably the most robust estimates to date (Barr, Fankhauser & Hamilton, 2010; Chambwera et al., 2014; Smith et al., 2011) , so we will use them here as indicative of the required adaptation funding for developing countries.
If vulnerable communities in developing countries are to adapt, then the most likely source of funding for these endeavours will be the international community, via institutions such as the World Bank, Global Environmental Fund, or the recently established Green Climate Fund.
However, as noted in the IPCC 2014 report (Chambwera et al., 2014) , adaptation investment is currently several orders of magnitude lower than needed to meet adaptation requirements in developing countries. Compared to the figures summarized above, actual expenditures range from an estimated $244 million in 2011 (Elbehri, Genest & Burfisher, 2011) to $316 million in 2013 (Caravani, Barnard, Nakhooda & Schalatek, 2013 ).
The question is: who will pay, and how much? There is much debate over this issue (Bowen, 2011; Khan & Roberts, 2013; Smith e al., 2011) . It is recognized that a combination of sources of revenue will be required including private sources (Bowen, 2011; Khan & Roberts, 2013) However, until the question of distribution of responsibility is resolved, country-level pledges are likely to remain the principal source of revenue for such investments. A substantial fraction of adaptation funding will therefore ultimately come from individuals in developed countries via taxes (see Supplementary Information section 1 for discussion). Consequently, we consider it a valuable exercise to identify the burden of responsibility that individuals in developed countries may be prepared to incur to support developing country adaptation. To do this, the present study identifies individual preferences for adaptation projects in developing countries. We use a contingent valuation survey (Bateman et al., 2002) to elicit willingness to pay (WTP) extra taxes amongst U.K. residents for various sectoral adaptation policies aimed in particular at vulnerable communities in developing countries. There have been a number of studies examining WTP for mitigation activities (e.g. Carlsson et al., 2012; Akter & Bennett, 2011) . However, to the best of our knowledge, the present study represents the first attempt to identify WTP for adaptation projects in developing countries.
A back-of-the-envelope estimate of the annual tax per capita that would be needed to raise the $70-100bn in funds for developing country adaptation indicates that each individual of adult age in industrialised nations would need to pay about $100-140 per year to support this endeavour (see Supplementary Information section 1 for estimation process). This is comparable to personal expenditures on postage stamps in the UK (£148 per person per year (ONS, 2012)).
Our results however suggest that WTP falls far below this estimate. Consider furthermore that the UK's total contribution between 2003 and 2013 towards adaptation financing for developing countries comes to about US$600m (Caravani et al., 2013) , crudely equivalent to about US$12/year per UK adult. This approximate measure of 'revealed preference' for developing country adaptation is half the size of our WTP estimates, and less than one-fifth of the approximate per capita funding required (as noted above). These results are sobering to say the least.
Method

Survey design
This study uses a contingent valuation survey (Bateman et al., 2002) that collected data on UK residents' willingness to pay for adaptation projects with a focus on developing countries.
The survey elicited respondents' knowledge, beliefs and attitudes towards climate change, followed by the valuation scenario and the payment question. The particular sectoral programmes were selected on the basis of a review of key adaptation at sectors in developing countries (World Bank, 2010) , in addition to one 'Built Environment' programme which was included for completeness and to comply with the focus of the project funding (see Acknowledgements).
Respondents were then given the option of: 1) contributing a lump sum to the Worldwide Adaptation Fund (WAF), which would allocate the funds amongst the individual sector programs according to need; 2) contributing individual amounts to individual sector programs if they preferred, or 3) contributing nothing. Those who indicated a positive WTP, were asked to select their preferred contribution in terms of annual household taxes using a payment ladder approach (Bateman et al., 2002) , in which respondents are presented with a series of amounts that increase in regular increments (up to a maximum value of £750 per year for each of the sectoral adaptation programmes, and £2000 per year for the overall programme). Valuations of the various sectoral programmes were carried out simultaneously and could be changed during the valuation process. A "total" box at the bottom of the page tallied the sum of the individual payments as they were being proposed so that respondents could keep an eye on their total WTP. See Figure 1 for the valuation questions (the payment ladders can be found in Supplementary Information section 3).
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Before stating their values, respondents were reminded to consider all other relevant substitutes, including other development and aid goals. We also included a paragraph emphasising the trustworthiness, transparency and accountability of the Worldwide Adaptation Fund (WAF), as lack of trust accounted for a major number of protest responses in the pilot surveys (n=50). Finally, we emphasized that the programmes were of greatest relevance to the developing world:
"Also, remember that the impacts of climate change will mostly affect people in the developing world and future generations." (emphasis included in scenario)
Reasons for payment/non-payment were elicited after the valuation section (see Supplementary Table 1 ). The entire valuation scenario is included in the Supplementary Information Valuation Scenario.
Comment on survey versions
There were two versions of the survey as per a methodological test which aimed to explore the influence on WTP of different information treatments. One set of surveys (n=491) presented respondents with neutral and unbiased information about climate change and adaptation; this was the standard CV survey. The second set of surveys (n=575) included information that was designed to be 'persuasive', involving stronger, more emotive wording on the first page and no reminders of substitutes (see Supplementary Information section 2). Both surveys were identical in all other respects. Overall, we found that our information treatment had very little impact on stated contributions: mean WTP of treated respondents (£28.15; s.d. 94.17) was marginally, but not significantly higher (p=0.5360), than that of respondents who received the standard survey (£24.99; s.d. 55.56). Given that our main interest in this paper is in presenting estimates of mean WTP, and given the lack of influence of our treatment on this measure, we opted to present results from both survey versions together. All regressions include a VERSION dummy to control for influences on WTP.
Data Collection
A total of 1,066 online surveys were completed by a panel of UK residents between September and December 2012. The average completion time was 15 minutes. A quota sampling procedure was used to achieve representativeness across gender, age and income, although representativeness was not fully achieved (Table 2 ) with regards to age due to a programming error in the quota sampling procedure. As a result all results presented in the paper are weighted to account for this discrepancy between sample and population age.
Study Findings
Descriptive statistics
Key sample characteristics are summarized in Table 2 and compared to UK population statistics (source of UK population statistics is ONS Census 2011, unless otherwise specified).
Results show that self-reported knowledge about climate change, and awareness that carbon dioxide emissions are its main cause, are not high.
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Willingness to Pay towards adaptation programmes
As noted in Section 2.1, respondents were asked to indicate whether they were interested in contributing in annual tax increases to support a global climate change adaptation program. They were given the option of: 1) contributing a lump sum to the Worldwide Adaptation Fund (WAF), which would allocate the funds amongst the individual sector programs according to need; 2)
contributing individual amounts to individual sector programs if they preferred, or 3) contributing nothing (see Supplementary Information Valuation Scenario for wording of scenario and question). Fig 3 shows This difference in conditional estimates across payment methods suggests the possible presence of part-whole bias, often seen in CV studies (Foster and Mourato, 2003) . Part-whole bias occurs when the sum of the valuations of the parts exceeds the valuation of the whole, and is thought to occur when there is conflict between the experimenter's and subject's view of the good and its valuation (Mitchell and Carson, 1989) . However, in our study, there is less scope for conflict between our view of the good and the respondent's view of the good because we allowed them the choice of contributing in one of two ways, one representing a holistic view and the other representing the partitioned view of the good. Thus, we are confident that the discrepancy between values is not a result of a conflict between ours and the respondents' perception, but indicates perhaps a simple difference in preferences towards adaptation in developing countries.
However, we cannot validate this with our present data.
Overall, taking all responses together, results show that respondents are willing to pay about £27 per year in income taxes to support adaptation efforts in developing countries. This is equivalent to $29.37, using purchasing power adjustments (World Bank, 2014) , significantly less than the back-of-the-envelope $100-150 per capita (based on the World Bank adaptation cost estimates discussed earlier. However, if we take the median WTP of £6 per year as our statistic of choice, with the understanding that support for developing country adaptation would depend on majority (at least 50%) support from the public, then it is clear that public support for developing adaptation is negligible.
Regression Analyses
Regression analyses were used to investigate the influence of various socio-economic, attitude and knowledge-related variables on: 1) the initial participation decision (1=contribute to individual sectors; 2=contribute to WAF; 3=no contribution); and 2) the contribution decision (how much to pay amongst those who gave a positive WTP). Given that these various choices were presented separately, we consider it appropriate to model them as separate choices, starting with the participation decision. Results of all regressions are presented in Table 4 while the explanatory variables used in the regressions are described in Table 3 .
Participation decision
As noted in Section 3.2, the initial participation decision entailed a choice between three discrete (unordered) choices: 1) contribute lump sum towards the WAF, 2) contribute to individual programmes, and 3) don't contribute. In order to explore the likelihood that a respondent would choose either of these three options given a range of socio-economic, knowledge and attitudinal characteristics, this data was analysed using a multinomial logistic regression, with "no contribution" as the reference category (Hausman & McFadden, 1984) .
Multinomial logit models are extensions of standard binary logistic regressions, and are wellsuited to analysing discrete data with more than two categories.
Results from the multinomial logit regression (left-hand columns, Interestingly, a belief in nature as the main cause of climate change (31% of the entire sample) has a strong negative influence on participation overall. Perhaps this suggests a fatalistic attitude of those with such beliefs. Or perhaps the causality lies in the opposite direction: those who do not wish to support adaptation projects for vulnerable others, justify their choices by explaining climate change as natural phenomenon. This would suggest that, for these respondents, moral responsibility for others is excused by the presence of some external factor (in this case, nature) over which the respondent feels they have no control (Eshleman, 2014) .
One might consider this a form of 'strategic' fatalism. Whatever the reason for this interesting result, however, the implication is clear: a belief that climate change is caused by nature allows some people to absolve themselves of responsibility towards those who will be negatively impacted by climate change.
In terms of differences in how respondents prefer to contribute, we note that greater real knowledge relating to climate change (indicated by agreement with the statement "Carbon and on all positive WTP data pooled together 5 . As noted in Table 3 , the WTP distributions are positively skewed. For this reason, the models have been estimated using a lognormal transformation of WTP, which normalises the data. We also include the natural log of income as an independent variable, making the coefficient of the income variable easy to interpret as the elasticity of WTP. In our full sample model (last column, Table 4 ), we control for the choice to contribute towards the individual sector programmes, which as noted in Table 3 , results in significantly higher WTP when compared to stated contributions towards the WAF.
Results from the linear regressions show that income is a consistently positive and significant determinant of WTP towards both the individual sector programmes and the WAF (as well as in the pooled model). This result conforms to theoretical expectations and provides an important validation of our results.
The model exploring conditional payments to the WAF indicates that WTP is also significantly influenced by age, self-reported knowledge about climate change, membership of an environmental organisation, and a belief that climate change is not happening (this latter has a negative influence on WTP). And, with the exception of age, all these variables are significant in the pooled model when controlling for contributions towards the individual sector programmes.
These results are uncontroversial, although it is interesting to note that real knowledge about climate change (indicated by 'Know-CO2') has no effect on WTP in any of the models. Thus, it appears that self-perceptions of knowledge are a more important influence on the WTP amount than real knowledge as measured by the 'Know-CO2'variable.
In contrast to the findings in the participation (multinomial logit) model, WTP is now positively influenced in all three models by whether respondents had already made up their minds about whether or not to support adaptation prior to the survey (indicated by 'Alreadydecided'). Thus, we find an apparent polarisation among individuals with existing and non-constructed preferences: either they do not support adaptation, or they support it a lot. 5 We also carried out selectivity-corrected regressions using Stata's selmlog function (Stata, 2006) , developed by Bourguignon, Fournier and Gurgand (2007) . This model is appropriate when the selection variable is multinomial, which is the case in the present study (the standard approach used for binary selection variables is the well-known Heckman selection model). However, we found that that sample-self-selection is not an issue in our data; hence we do not report these results here. However, results from these selectivity-corrected regressions can be obtained from the authors upon request.
Overall, results confirm that WTP for adaptation in developing countries is strongly dominated by income, which is expected, but also by beliefs about whether climate change is happening, and existing preferences vis a vis support for adaptation.
Discussion and conclusions
Our study focused on WTP of UK residents for adaptation projects in less-developed countries. We found they were prepared to pay on average £27, or just under $30 per year, using purchasing power adjustments (World Bank, 2014) . This is less than one third of the back-of-theenvelope estimate of $100-140 annual tax per capita that we estimated would be needed to raise the $70-100bn in funds for developing country adaptation. Of course, we note that that the UK population may not representative of other country populations with regards to climate change concern levels, non-use values, or attitudes towards adaptation in developing countries. More research on WTP for adaptation across a range of developed country contexts would be useful at this stage.
However, the main aim of this paper was to stimulate discussion regarding responsibilities associated with climate change adaptation. We did this by highlighting the UK public's willingness to support adaptation efforts in developing countries. Our findings show that public support falls way below the levels needed for developing countries to successfully adapt.
Furthermore, if we take the median value of £6 per year as a more appropriate indicator of the UK public's WTP (i.e. the amount that 50% of the population would be willing to pay), then we may consider public support to be negligible.
Clearly, much needs to be done to motivate people to lend support to those who -despite contributing relatively little to global carbon emissions -are likely to bear the brunt of climate change impacts. However, regression results on our data suggest that this will be no easy task.
Together with ability to pay, WTP appears to be strongly driven by a combination of beliefs and individuals' perception of their own knowledge levels, rather than actual knowledge of climate change or education levels. In particular, a belief that nature is the main cause of climate change appears to have a strong negative influence on the decision whether to contribute or not. One possible explanation for this finding is that respondents are being fatalistic; alternatively, perhaps they are excusing themselves from moral responsibility over something they feel they cannot control. Whatever the reason for this interesting result, the implication is that a belief that climate change is caused by nature allows some people to absolve themselves of responsibility towards those who will most suffer its impacts. Finally, respondents original stance on support for adaptation was found to be a very significant influence on both the decision to participate and how much to contribute. Marx et al, 2007; Petrovic et al, 2014; Hardisty et al, 2010) , much of which is synthesised in the "Guide to Effective Climate Change Communication" report (CRED, 2014) . As noted in the CRED (2014) with the audience's worldviews, and frame these messages in terms that matter to the audience.
We anticipate that, if the findings of this study are in any way indicative of preferences of citizens of pledging countries in general, then developing country adaptation is unlikely to be backed by an engaged and financially supportive citizenry in the pledging countries. To engage the many different audiences that make up the 'public', communication efforts must move beyond the simple provision of information and instead, connect with people's existing values and beliefs. b There were two versions of the survey as per a methodological treatment outlined in the 'Methods' section. The 'VERSION' dummy controls for possible influences of the methodological treatments on WTP. 1=respondent received survey version1, 0=respondent received survey version 2 (with persuasive information treatment). c We collapsed the two 'don't know' categories (see Fig 2) to produce one single category representing respondents who do not have a firm belief regarding climate change (its existence or its causes). Total sample size=1,066. 
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